Abstract-The traditional graph-cut algorithm to video moving objects segmentation is based on the low-order MRF. The detected moving objects will be over-smoothing. In this paper, an adaptive graph-cut algorithm to video moving objects segmentation based on Euler's Elastica Model was proposed. The higher-order moving objects model is used to restrict the shape of moving object. Experimental results show that the proposed method can effectively and stably segment moving objects from the video and can preserve sharp and detail features better than the traditional graph-cut algorithm. Graph-cut is an effective global optimization algorithm of image segmentation that was first proposed by Greig et al. in 1988. Based on the maximum a posteriori probability criterion, the energy minimization ultimately can be attributed to the maximum flow or minimum cut problem. Boykov and Kolmogorov [6] proposed the "augmenting paths" method Which change depth-first traversal search to dynamic search, accelerating the search speed and improving the overall efficiency of Graph-cut algorithm. Wang and Guan [7] used histograms of oriented gradients to express the shape of the moving objects, and to improve the detection accuracy. Garrett and Saito [8] use rectangular region included the moving objects to solve single moving object detection. Nagahashi et al. [9] combine the spatio-temporal volumes with multi-scale smoothing, and reduce the number of nodes and edges in order to reduce the calculations. Reference [10] proposed an adaptive Graph-cut (AGC) algorithm to solve the allocation of node flux in the network. For using the low order moving objects model, this method will over-smooth the moving objects. The Euler's elastica model is one of higher order model, which can preserve discontinuities through higher order terms of curvature. So the node flux is optimized by the introduction of elasticity energy in order to get an accurate segmentation. The experimental results show the detected moving objects will have a more natural appearance, which compare ours method with adaptive Graph-cut algorithm.
Ⅰ. INTRODUCTION
Video moving objects segmentation based on static camera is one of the foundation problems in computer vision and related fields. The existing video moving objects segmentation algorithms mainly include model approach [1] , optical flow [2] , frame difference [3] , filtering method [4] and optimization method [5] and so forth. The optimization method is to find a global optimum labels, to make the global energy function to reach the minimum value.
Graph-cut is an effective global optimization algorithm of image segmentation that was first proposed by Greig et al. in 1988 . Based on the maximum a posteriori probability criterion, the energy minimization ultimately can be attributed to the maximum flow or minimum cut problem. Boykov and Kolmogorov [6] proposed the "augmenting paths" method Which change depth-first traversal search to dynamic search, accelerating the search speed and improving the overall efficiency of Graph-cut algorithm. Wang and Guan [7] used histograms of oriented gradients to express the shape of the moving objects, and to improve the detection accuracy. Garrett and Saito [8] use rectangular region included the moving objects to solve single moving object detection. Nagahashi et al. [9] combine the spatio-temporal volumes with multi-scale smoothing, and reduce the number of nodes and edges in order to reduce the calculations. Reference [10] proposed an adaptive Graph-cut (AGC) algorithm to solve the allocation of node flux in the network. For using the low order moving objects model, this method will over-smooth the moving objects. The Euler's elastica model is one of higher order model, which can preserve discontinuities through higher order terms of curvature. So the node flux is optimized by the introduction of elasticity energy in order to get an accurate segmentation. The experimental results show the detected moving objects will have a more natural appearance, which compare ours method with adaptive Graph-cut algorithm.
Ⅱ. MOVING OBJECTS SEGMENTATION BASED ON

GRAPH-CUT
Suppose that binary image U of moving objects satisfies Markov random field model.
V u is the clique potential associated with a cliquec , C is the set of all cliques inU ,
Using first order and second order clique potential to approximate energy function, So the prior probability distribution function of U can be simplified as
Where Ω is the set of pixels in U , 
Suppose the background of image follows the Gaussian distribution, and the foreground is described as a uniform distribution. And all of the pixels in Ω are satisfied the conditional independence. Therefore, the likelihood function of gray image under the condition of U is: 
L is the number of image gray levels or colors. Known prior probability and likelihood function, the logarithmic posterior probability can be derived
where
Now, the problem of video moving objects segmentation is converted into the problem of maximum a posterior (MAP) estimation. Defined network flux ( ) C U to be
Therefore the minimum Graph-cut algorithm can be used for video moving objects segmentation under the conditions of rectangular grid. Equation of ( ) C U can be changed into the form:
( ) max(0, )
Where ( , ) i j are the row and column number of each pixel.
Because of the low order approximation of image prior probability, the experimental results can not get the satisfactory visual effect.
Ⅲ. OPTIMIZE THE ALGORITHM BY EULER'S ELASTICA MODEL
Euler's elastica is defined as planar curves that minimize energy function of the form
Where κ is the curvature of the curve γ , s is arc length,
Euler's elastica was first introduced in image processing in [11] . The curvature of curve is expanding to the curvature of surfaces. For surface u , the curvature can be expressed as: 
is gradient operator, and u ∇ is the norm of gradient. In specific treatment, u ∇ plus a small positive number ε to avoid zero.
Figure. In Euler's elastica, the energy function is weighted by the curvature, which means the higher-order constraints introduced by the curvature are applied in the first order differential coefficient. So the discrete version of the Euler's elastica model to video moving objects segmentation (2) can now be written as
, , ( , )
( ) max(0, ) 
Where the curvature of different directions x κ and y κ is computed by the linear interpolation: should be determined. But in the assumption of uniform distribution of the target, these two parameters depend upon the number of foreground pixels O and the number of objectives-background pixel-pairs B , which could be obtained only after moving objects segmentation. So the proposed algorithm predicts the number of foreground pixels O and the number of objectives-background pixel-pairs B by kalman prediction. Another key issue is how to distribute the flux between nodes when using the Graph-cut algorithm. We will have a detailed analysis in this section. Finally, we adopt the classical Graph-cut algorithm, and describe how to update the background. 
According to the system model above, the gain of one-step kalman prediction is
Mean square error is
The O and B are able to be predicted continuously by iterating these equations.
B. Flux distribution of image pixel nodes
Using the minimum Graph-cut to get the solution, binary image U , of equation (4), it needs to treat each pixel as a node, additionally, the source node and sink node are added to constitute a nodes set, and a flux is distributed to edge between two neighbor nodes. C. Segmentation of moving objects and update of background model According to uniform distributed foreground and Gaussian distributed background model, the flux of pixel nodes are able to be calculated, and then Graph-cut algorithm can be used for segmenting foreground and background in the image. Here the minimum Graph-cut algorithm in [6] is used, which is based on augmenting path, this algorithm can improve image segmentation efficiency outstandingly, as it detects augmenting path and constructs two search trees from source node and sink node respectively, also it reuses the trees but needn't to reconstructs them. We calculated the initial mean and variance are given below. 
where k is frame number, m stands for a pixel, τ is updating factor.
IV. RESULTS AND ANALYSIS
In order to verify the validity of proposed algorithm, it is compared with adaptive Graph-cut algorithm using "Water Surface" experimental. Four performance indicators are used for contrasting the differences, which are Recall ( R ), Precision ( P ), Similarity ( S ) and F-measure ( F ). In the experiment, some of the parameters set as follows:
The background is waving water in this sequence. This sequence classifies complex background condition, which is usually used for checking the ability of algorithm dealing with complex background. The results are shown in Figure 2 . The indicators of quantitative analysis are shown in Table. 1. From the results we can see that comparing with adaptive Graph-cut algorithm, the proposed algorithm is better than adaptive Graph-cut algorithm regarding the ability of dealing with complex background, the proposed algorithm has a good performance in the aspect of quantitative detection indicators, because of the introduction of the elasticity energy. The Euler's elastica model is closer to human visual connectivity principle, meeting the human visual effect of connectivity.
V. CONCLUSION
In this article, an adaptive Graph-cut algorithm based on Euler's Elastica Model is exploited to segment video moving objects. In the proposed algorithm, the parameters of nodes flux is adaptively adjusted by the kalman prediction, and optimized by Euler's elastica model. The results show that the quantitative detection indicators of this algorithm perform very well under the complex background conditions.
